Methods: Baseline clinical data, appetite level, anthropometric measurements and Screening Tool for the Assessment of Malnutrition in Pediatrics (STAMP) scores were obtained for pediatric SCI patients. The relationships among the demographic/SCI characteristics and STAMP score and z-scores of weight-for-age (WAZ), height-for-age (HAZ) and body mass index-for-age (BAZ) were assessed. The risk of undernutrition was compared with actual nutritional status. Results: Forty-five children including 12 boys and 33 girls were included. The risks of undernutrition using the STAMP tool and malnutrition were 51.1% and 55.6%, respectively. Children with different demographic characteristics had similar nutritional status and risk of malnutrition. The risk of undernutrition was associated with nutritional status, including WAZ (Po0.001), HAZ (P = 0.001), BAZ (Po0.001) and appetite level (Po0.001). Compared with nutritional status, STAMP had a sensitivity of 100%, a specificity of 73.3% and an overall agreement of 82.2%. As the duration of SCI increased, the risks of overweight and stunting increased. Conclusions: Nutritional screening in all pediatric SCI patients should be performed periodically. The decreasing trends in nutritional status and appetite level after SCI require special attention. The STAMP may be an alternative method for assessing nutritional status in Chinese children with SCI.
INTRODUCTION
Generic national and international guidelines 1 have highlighted the importance of nutritional screening as the first step in fighting childhood malnutrition, but only a small proportion of at-risk children with spinal cord injury (SCI) are referred for nutritional assessment and interventions. 1 Current awareness among the physicians and nurses regarding the importance of screening and treating malnutrition in children with a SCI appears to be low. 2 In addition, malnourished SCI patients may present with a variety of atypical symptoms, with the result being that malnutrition remains undetected. 3 The literature on the assessment of nutritional status in children with SCI is limited. Studies have found that almost half of children with SCI (45.5%) are at risk of malnutrition, and the prevalence of overnutrition is high (overweight, 41.1%; obese, 25.5%). 4, 5 However, the relationships between nutritional risk and pediatric characteristics after SCI such as age, gender, years since SCI, level of injury, completeness of injury, American Spinal Injury Association Impairment Scale (AIS) and walking ability are unclear.
The Screening Tool for the Assessment of Malnutrition in Pediatrics (STAMP) is the first approved screening tool to identify risk of malnutrition in children in Great Britain 4, 6 and has also been validated in the Children's Hospital in China. 7, 8 STAMP is intended for use by the nursing staff as a first-line screen, and the validity and reliability of this tool has been confirmed in SCI children. 5 The STAMP incorporates three components, all of which are recognized indices or symptoms of undernutrition: the presence of a clinical diagnosis that has nutritional implications, estimated recent nutritional intake, and differences in weight/height centile chart. 5 In the first step, the diagnosis table on the STAMP website is used to determine whether the child's condition has any nutritional implications, and diseases are categorized into three groups according to the influence on the nutritional status of the child (without nutritional consequence-0 points, potential nutritional consequences-2 points, some nutritional consequences-3 points). The second step of the evaluation is to assess the child's current nutritional intake. Nutritional intake is assessed as none (3 points), recently decreased/poor (2 points) or no change/good (0 points). In the final step, the centile reference tables from children without SCI are used to determine how many columns/centiles apart the height and weight are: 43 centile spaces/ ⩾ 3 columns apart (3 points), 42 centile spaces/ = 2 columns apart (1 point) and 0-1 centile space/column apart (0 point). The scores from steps 1 to 3 are summed to calculate the child's overall risk of malnutrition: high risk (⩾4 points), medium risk (2-3 points), and low risk (0-1 point) (Figure 1 ).
The present study was conducted to expand our knowledge of the nutritional risk/status of children with SCI and determine the relationship between nutritional risk/status and demography/SCI characteristics in pediatric inpatients 9, 10 in order to generate the much-needed data on strategies for improving the nutritional status of children with SCI. We also aimed to evaluate the concurrent validity of Figure 1 Screening Tool for Assessment of Malnutrition in Pediatrics (STAMP). A full color version of this figure is available at the Spinal cord journal online.
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Y-J Wang et al STAMP (a tool for assessing risk of malnutrition) in the assessment of nutritional status in pediatric SCI patients because of good association between STAMP and z-scores of weight-for-age (WAZ), height-forage (HAZ) and body mass index-for-age (BAZ), which are the indicators of nutrition status.
MATERIALS AND METHODS

Patient recruitment
Children admitted for rehabilitation treatment between July 2014 and July 2015 to the China Rehabilitation Research Center (CRRC) were enrolled in the present study. Nine children were able to walk, and the others were wheelchair users. The CRRC is a state-owned institution affiliated with the China Disabled Persons' Federation that provides comprehensive rehabilitation and social services to the disabled. The study inclusion criteria were children aged between 1 and 12 years of age, presence of SCI and inpatients. We divided the children into four groups (boys 0-5 years/6-12 years and girls 0-5 years/6-12 years). Time since injury was divided into acute injuries (o1 year) and chronic injuries (1-5 years). Patients were excluded if they had fever or diarrhea on admission, a history of hepatopathy, nephropathy or formal dietetic assessment and nutritional therapy that may have introduced a bias toward nutrition status from medical records.
Data collection
Baseline demographics (age and gender) and clinical characteristics, including weight, height, appetite level, causes of SCI, duration of SCI, level of SCI, AIS score and walking ability, were recorded. Weight and height were measured and recorded for all inpatient children within the first 48 h of admission. Weight was measured in the morning before breakfast with light clothing and after voiding and was determined to the nearest 0.1 kg by a calibrated digital scale. The length was recorded to the nearest 0.1 cm from the bottom of the right heel to the crown of the head, lying down on a firm surface with their head and foot against a hard board. 11, 12 If the child was ⩾ 2 years old, their length was measured and 0.7 cm was subtracted to convert it to height. 5 The appetite level 4 (percentage of meals eaten) was assessed by discussion with the parents or caregivers. We used the question as an item of the nutritional risk screening tool, STRONGkids (Screening Tool for Risk on Nutritional Status and Growth), which included 'reduced food intake during the past few days (3 days) before admission (not including fasting for an elective surgical procedure)'. 9 The food intake included type, volume and frequency of liquid and solid feedings for infants and frequency of eating and a brief description of a typical day's intake for children. 13 Then the parents or caregivers were asked to estimate a percentage of recent average meals eaten (none = 0%, half = 50%, good = 100%).
Definition of malnutrition risk
The STAMP scores were calculated by the same physician, and the risk of undernutrition was determined from the following published criteria: STAMP score of 0-1 point indicates low risk, 2-3 points indicates moderate risk, and more than 4 points indicates a high risk of malnutrition. 14 
Definition of nutritional status
In children, nutritional status was determined upon admission using the WAZ, HAZ and BAZ scores, which were calculated using the software WHO AnthroPlus version 1.0.4 (World Health Organisation, Geneva, Switzerland) for children. 15 The 
Weight-for-age (z-score) a 0.79 ± 17, 18 When more than one anthropometric index (WAZ, HAZ and BAZ) was used for classification of nutritional status, the lowest value was used for classification.
Criterion for STAMP applicability. We tested the concurrent validity between the risk of malnutrition determined by STAMP and nutrition status. In order to calculate the diagnostic values (sensitivity, specificity and positive-and negativepredictive values (PPV and NPV, respectively)) of the STAMP, we combined the medium-/high-risk categories and mild/moderate undernutrition in contingency tables.
The study protocol was approved by the Research Ethics Committee of the institutions participating in the study, and at the time of enrollment, the protocol and nature of study were explained in detail to parents or caregivers and written informed consent was obtained.
Statistical analyses
For baseline and anthropometric data, descriptive statistics were used. The quantitative variables were tested by one sample Kolmogorov-Smirnov for symmetrical or asymmetrical distribution. The risks of undernutrition with nutritional indices, including symmetrical variables (HAZ, BAZ and WAZ and year since SCI), were compared by Student's t test or analysis of variance, and asymmetrical variables (appetite level and motor scores) were compared by Kruskal-Wallis nonparametric test and Tukey's honest significant difference test. The same statistical methods were applied to compare demographic characteristics with nutritional indices. Pearson chi-squared test or Fisher's exact test was used as appropriate to assess associations between risk of undernutrition and demographic/SCI characteristics. Cohen's kappa statistic was used for determining the applicability of STAMP for assessment of actual nutritional status. Statistical significance was set at 5% (Po0.05). To calculate the diagnostic values of STAMP for nutritional status, its sensitivity, specificity, PPV and NPV were calculated on contingency tables. Statistical analysis was performed using SPSS version 18.0 for Windows (SPSS Inc., Chicago, IL, USA).
RESULTS
The study population included 12 boys, including those of young age (7/12,58.0%) and older age (5/12,42.0%), and 33 girls, including those of young age (9/33,27.3%) and older age (24/33,72.7%). The duration of SCI was o1 year in 22 patients (48.9%) and 1-5 years in 23 patients (51.1%). The prevalences of paraplegia and tetraplegia were 88.9% (40/45) and 11.1% (5/45), respectively. The most frequent AIS type at admission was A (29/45; 64.4%), followed by D (9/45; 20.0%). Approximately 30 of 45 (66.7%) children had a SCI owing to trauma. None of the children had malnutrition as the main cause of hospital admission.
Relationship between demographic characteristics and nutritional indices When we compared the demographic characteristics with nutritional indices, the mean WAZ, HAZ and BAZ values and STAMP scores were not significantly different among the different gender and age groups (P = 0.368 for WAZ, P = 0.618 for HAZ, P = 0.468 for BAZ and P = 0.597 for STAMP scores; Table 1 ).
Risk profile for undernutrition based on STAMP scores
With the use of the STAMP, 22 (48.9%) children were classified as low risk (STAMP: 0-1), 18 (40.0%) were classified as medium risk (STAMP: 2-3) and 5 (11.1%) were classified as high risk (STAMP: 4-5). There were no obvious motor score differences among these three groups of children (P = 0.932). The mean WAZ, HAZ and BAZ values and appetite levels were significantly different among the three different STAMP groups (Po0.001, P = 0.002, Po0.001 and Table 2 ). In addition, STAMP scores also showed a significant negative correlation with WAZ, HAZ and BAZ levels in linear regression analysis (r = − 0.611, Po0.001; r = − 0.320, P = 0.005; and r = − 0.459, Po0.001, respectively; Figures 2a-c) .
Relationship between risk of undernutrition and SCI characteristics When we compared the groups of patients according to no risk of undernutrition (STAMP score ⩽ 1) and at risk for undernutrition (STAMP score ⩾ 2), there were no significant differences in demographic characteristics (gender and age) or SCI characteristics (cause of injury, years since SCI, level of injury, completeness of injury, AIS category and walking ability). SCI of varying characteristics had the same probability of leading to a risk of undernutrition (Table 3) .
Nutritional status in Chinese children with SCI
Regarding the nutritional status of pediatric SCI patients, 20 patients (44.4%) were found to have a normal status, 12 (26.7%) were found to have mild undernutrition, 3 (6.7%) showed moderate undernutrition, 6 (13.3%) were overweight and 4 (8.9%) were obese ( Figure 3) . We also observed the trend of nutritional status after SCI and found that, as the duration of SCI increased, the WAZ/BAZ value increased and the HAZ value decreased. However, no significant correlations were identified between these parameters (Figure 4) .
Comparison of categorical variables on nutrition status and malnutrition risk
According to calculated z-scores, 30 (66.7%) children showed no malnutrition, 12 (26.7%) children exhibited moderate malnutrition and 3 (6.7%) children had severe malnutrition. According to STAMP scores, 22 (48.9%) children ranked as low risk, 18 (40.0%) as medium risk and 5 (11.1%) as high risk ( Figure 5 ). As an indicator of the overall criterion validity, 37 of the 45 (82.2%) patients were classified as having the same degree of nutritional risk and undernutrition in both STAMP and z-score assessments. The agreement between the nutrition status and malnutrition risk was moderate (k = 0.603). The sensitivity and specificity of STAMP in the diagnosis of undernutrition were 100% and 73.3%, respectively. The PPV of the same scores was 65.2%, and the NPV was 100% (Table 4) .
DISCUSSION
The data from the present study showed that subgroups of children with SCI had the same nutritional status and risk of malnutrition. The decreasing trends in nutritional status and poor appetite level following SCI require special attention. The STAMP may be a useful tool for identifying nutritional status in children with SCI. Malnutrition, including both undernutrition and overnutrition, is associated with poor clinical outcomes, including increased mortality. In addition, malnutrition is associated with prolonged hospital stay, delayed recovery, increased care costs, 19 poor somatic growth and development and reduced or delayed mental and psychomotor development. 4 To prevent malnutrition, early identification of nutritional depletion is essential, ideally on admission to the hospital. Such an approach provides the physician with an opportunity to implement appropriate nutritional interventions, in the hope of preventing the worsening of undernourishment or decrease its severity when it is already present. 9 The present study is the first study to assess the prevalence of malnutrition risk in hospitalized pediatric SCI patients in China. A high percentage of patients at risk for undernutrition (STAMP ⩾ 2, 51.1%) was observed among the study population, which is similar to the observations in the UK's National Spinal Injuries Centre. 5 There is a definite need to address the nutritional requirements of this special population group in China.
Our study also showed that preschool-age children and school-age children of different genders had similar WAZ, HAZ and BAZ values and STAMP scores. Usually, BMI/WAZ and HAZ are considered hallmarks of current and chronic nutrition status. 10, 20 A longstanding assumption is that by school age a child has survived the most critical period, and he/she is no longer vulnerable to undernutrition. This has led to the neglect of this specific group of children by researchers, health-care professionals and caregivers 21 while assessing the nutrition status. Accordingly, school-age children with an SCI may have the better nutritional status (higher WAZ, HAZ and BAZ) and lower risk of malnutrition (lower STAMP) than preschool-age children, but this was not found in our study. All groups of children with SCI are vulnerable to malnutrition, 22 and thus the nutritional status/risk in children of all age groups cannot be ignored. Our results demonstrated that the degree of undernutrition risk was inversely proportional to the WAZ, HAZ and BAZ values and appetite level. As the classification of STAMP correlated with the degree of nutrition status, STAMP can be applied as an alternative method for assessment of nutrition status. In children with SCI, it is clear that risk of malnutrition on admission does necessarily predict a poor nutritional intake (low percentage of eating) during SCI. 23 Low appetite level may represent the risk of malnutrition, which was confirmed in our study. Children have a high energy need per unit of body mass compared with adults and have limited energy reserves. Furthermore, children, unlike adults, need energy for growth, which makes them particularly vulnerable to malnutrition. 24 For this reason, the likelihood of developing a risk for nutritional deficiencies increases when the child with a poor appetite is admitted to the hospital. This highlights the importance of assessing appetite during SCI and maintaining the adequate nutrition intake. Unfortunately, there are no accepted tools to identify the SCI patients with poor appetite now. 23 Although the method of estimation may not be able to accurately reflect the actual appetite level, it may be a valid and simple alternative method at present.
The demographic/SCI characteristics of the patient population, such as age, gender, duration of SCI, motor scores, cause of injury, years since SCI, level of injury, AIS and walking ability, showed no correlations with nutritional risk. The groups of new injuries (⩽1 years) and old injuries (41 years), paraplegic and tetraplegic, walkable and wheelchair-bound patients showed the same risk of malnutrition. Hence, screening of malnutrition risk in all pediatric SCI patients seems to be mandatory even in children without severe injury, because the risk for malnutrition in the group with mild SCI might be overlooked. 25 Studies have also shown the coexistence of undernutrition and overnutrition, the latter manifesting as overweight and obesity among SCI patients, including children and adults. For pediatric SCI (the median duration of SCI was 4 years, with an interquartile range of 2.0-8.3 years), undernutrition risk was 47.1% (STAMP ⩾ 2) and the prevalence of overnutrition was also high (overweight, 41.1; obese, 25.5%). 4 Among adult SCI patients, 40-50% of patients are at risk for nutritional deficiency and 40-66% are at risk for obesity. 26 The findings of the present study also reveal that both extremes of malnutrition exist among children with SCI. However, undernutrition is more prevalent than overnutrition. The prevalence of malnutrition (55.6%), including undernutrition (33.4%) and overnutrition (22.2%), among pediatric SCI patients in this study is higher than that reported for hospitalized children in China 27 and the prevalence of malnutrition (44%) in adult patients with SCI. 28 Hence, strategies 
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The duration of an SCI may have negatively affected the nutritional status of the children enrolled in the study, inducing increases in the possibility of overweight (higher BAZ/WAZ) and stunting (lower HAZ). The impairment of the HAZ rate indicates that the growth of a child affected by longstanding diseases reflects deficient health and feeding conditions. The observation in the present study that HAZ decreases with increasing duration of SCI indicates that the existing undernutrition may be sustained or even deteriorate following SCI without nutritional therapy, resulting in chronic malnutrition or stunting. This deficiency in the WAZ/BAZ reflects a more recent impairment in nutritional state or wasting. 29 On the contrary, the excess in WAZ /BAZ may indicate overweight or obesity.
The increase in the percentage of weight gain in relation to duration of SCI has been described in adults, 2 but such an observation in a pediatric population has not been reported to date. A tendency for weight gain in pediatric SCI patients was observed in our study. Reduced food intake, reduced activity, loss of muscle mass and a decrease in energy requirements may be related to weight loss during the acute phase of SCI. 4, 25 However, in the long term, prolonged inactivity following an SCI can cause a shift in body composition and muscle atrophy, as well as excessive fat accumulation leading to weight gain. 25, 28 However, a lack of education and/or awareness of nutritional needs after SCI may all contribute to overweight and obesity. 2 In short, the energy intake and nutritional requirements depend on the phase of the SCI. 28 As mentioned above, the STAMP categories were associated with the degree of nutrition status. The STAMP tool showed moderate agreement with nutritional status assessed by WAZ/HAZ and BAZ (k: 0.603, sensitivity: 100%, specificity: 73.3%), suggesting that it could be a useful tool with good sensitivity and specificity for identifying nutritional status. The higher sensitivity and PPV of STAMP reflect a greater likelihood that a child who is identified as being at risk of undernutrition using the tool will indeed be in an undernutrition state. This, coupled with the high specificity and NPV, reduces the risk of overidentifying undernutrition in these children.
The strength of the present study is that it has made a significant contribution in providing the much-needed data as evidence of the high double burden of malnutrition among children with SCI. Children with SCI are a heterogenous group, some of whom are malnourished and some of whom are overweight or obese. Strategies for improving the nutritional status of children with SCI cannot remain focused only on undernutrition; they also need to emphasize approaches for the prevention of overweight and obesity as well.
Our study has few limitations. The small sample size (excluding outpatients) from a single center may not be representative of the whole pediatric population with SCI in China. Further, to compare the relationship between nutritional status and SCI characteristics (such as duration of SCI) owing to a particular small data set is limited. The inhomogeneity of the group owing to inclusion of a few tetraplegic patients and the variability in the AIS classification might have influenced the outcome. The environment, social/psychological issues and eating habits could also influence the results. The estimation of the appetite level depended upon the proxy reporting by the parents or main caregivers. Few parents expressed difficulty in accurately estimating the appetite of their children. The dependence on third parties (caregivers or parents) to report food intake of the children may have led to a biased estimation of appetite to some extent, but the result that the risk of undernurtrition was associated with poor appetite concurs with the findings of other studies. 30 This study did not include objective assessments of nutrition (such as biochemical measures or body density assessment) but was intended to evaluate the functionality and usefulness of the previously validated screening tools. Finally, the cross-sectional design of our study does not permit deriving causal relationships between malnutrition risk and undernutrition/poor outcome. 12 Future research should determine the biochemical and/or clinical implications of nutrient inadequacies. In addition, research on inadequacies in relation to the different food groups, dietary patterns and eating behaviors, as well as the effects of supplements on nutritional status, is warranted. In conclusion, our findings reveal that screening of the nutritional status of all newly admitted pediatric SCI patients, including those of AIS D, is necessary, and somatic growth may decelerate over time after SCI. Finally, the STAMP, which is a tool for evaluating malnutrition risk, appeared to be a useful tool for assessing nutritional status in children with an SCI.
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